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(54) TELESCOPIC SHAFT

(57) A telescopic shaft is provided with a male shaft
that has an outer periphery on which a plurality of pro-
truding teeth are formed, and with a female shaft that has
an inner periphery on which a plurality of tooth grooves
are formed and that is externally fitted to the male shaft.
The male shaft and the female shaft are slidable relative
to each other in the axial direction, and the protruding

teeth and tooth grooves are meshed in such a way that
rotational torque can be transferred between the male
shaft and the female shaft. At least one of the male shaft
and the female shaft is configured so that the radial ri-
gidity of the section located in the axial range of the area
where the protruding teeth and the tooth grooves mesh
is less than the radial rigidity of other sections.
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Description

Technical Field

[0001] The present invention relates to a telescopic
shaft including a male shaft and a female shaft which can
transmit rotational torque and are relatively slidable in an
axial direction.

Background Art

[0002] A steering apparatus includes telescopic shafts
such as an intermediate shaft and a steering shaft, each
having a male shaft and a female shaft capable of trans-
mitting rotational torque and connected to be relatively
slidable in an axial direction. The intermediate shaft is
required to have a telescopic function when joining a uni-
versal joint to a pinion shaft to be engaged with a rack
shaft of a steering gear so that the intermediate shaft is
temporarily compressed before being engaged and
joined to the pinion shaft, and also to absorb relative dis-
placement with respect to a vehicle body frame.
[0003] The steering shaft transmits a steering force of
the steering wheel to vehicle wheels, and is required to
have a telescopic function to adjust a position of the steer-
ing wheel in an axial direction in accordance with a phys-
ical size and a driving posture of a driver.
[0004] In recent years, due to improvements in rigidity
of the entire vehicle body and driving stability, it became
easier for drivers to feel backlash of a telescopic shaft in
rotation direction when operating a steering wheel.
Therefore, a telescopic shaft with less backlash in the
rotation direction, low sliding resistance, and superior lu-
bricity and durability is being desired.
[0005] For that reason, there is a telescopic shaft in
which an outer circumference of a tooth surface of a male
shaft is covered with a resin or the like having low sliding
resistance, and after applying a lubricant, the male shaft
is fitted into a female shaft. FIG. 6 is a cross-sectional
view of a conventional male shaft and a female shaft
fitted onto the male shaft, illustrating a surface pressure
which is applied to a covered portion of the male shaft.
As shown in FIG. 6, a conventional male shaft 16A (male
spline shaft) is fitted into a female shaft 16B (female
spline cylinder) such that it is possible to relatively slide
in an axial direction and transmit rotational torque. Pro-
truding teeth 61 of the solid male shaft 16A are coated
with a covering portion 61 made of resin to reduce sliding
resistance between the protruding teeth 61 and tooth
grooves 41 of the female shaft 16B, and are fitted into
the tooth grooves 41 such that a tooth surface of the tooth
grooves 41 and the covering portion 61 have a small
interference.
[0006] In this conventional telescopic shaft, as shown
in FIG. 6, bending moments acting on both end portions
of an engagement region of the protruding teeth 51 and
the tooth grooves 41 in an axial direction are large, and
thus surface pressures at the both end portions are high.

Therefore, both end portions of the covering portion 61
in an axial direction are deteriorated, and a backlash may
occur between the male shaft and the female shaft. Such
a backlash may occur between the male shaft and the
female shaft due to similar reason, even in a case where
the covering portion 61 is not provided. Particularly, in a
column assist type power steering apparatus, due to a
couple of force generated at a universal joint, surface
pressures acting on both end portions of an engagement
region of protruding teeth 51 and tooth grooves 41 of an
intermediate shaft in the axial direction are high, and the
likelihood of backlash being generated between a male
shaft and a female shaft is high.
[0007] In a telescopic shaft of Patent Document 1, a
male shaft is covered with a resin layer containing a
sheet-like filler such as mica, whereby deterioration of
the resin layer is suppressed, and backlash between the
male shaft and a female shaft is suppressed. However,
[0008] Patent Document 1 does not consider surface
pressures applied to the resin layer at both end portions
of the male shaft in an axial direction.
[0009] A telescopic shaft of Patent Document 2 has a
ball provided between a male shaft and a female shaft.
In order to maintain a preload on the ball for a long time
so that a play is less likely to occur even if it is used for
a long time, a deformation facilitating portion, which is
easy to be deformed, is formed in a given region of the
female shaft in a circumferential direction so that the fe-
male shaft is easy to bend, whereby a stress applied on
the female shaft or the ball is reduced. However, Patent
Document 2 does not consider a difference in the surface
pressure in an axial direction.

Prior Art Documents

Patent Document

[0010]

Patent Document 1: JP 2008-222016 A
Patent Document 2: JP 2006-112623 A

Summary of Invention

Problem to be Solved by Invention

[0011] It is an object of the present invention to provide
a telescopic shaft suppressing a surface pressure in an
engagement region of a male shaft and a female shaft
from locally increasing in an axial direction, and sup-
pressing backlash between the male shaft and the female
shaft.

Means for Solving the Problem

[0012] According to an aspect of the present invention,
a telescopic shaft includes a male shaft having an outer
circumference on which a plurality of protruding teeth are
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formed, and a female shaft having an inner circumfer-
ence on which a plurality of tooth grooves are formed,
the female shaft being fitted onto the male shaft. The
protruding teeth and the tooth grooves are engaged with
each other such that the male shaft and the female shaft
are relatively slidable in an axial direction and such that
a rotational torque is transmittable between the male
shaft and the female shaft. At least one of the male shaft
and the female shaft is configured such that the radial
rigidity of a portion of the at least one of the male shaft
and the female shaft in an axial range of a region where
the protruding teeth and the tooth grooves are engaged
with each other is lower than the radial rigidity of another
portion of the at least one of the male shaft and the female
shaft.
[0013] The male shaft may be at least partially a solid
shaft, and the portion of the male shaft corresponding to
one end or both ends of the protruding teeth in the axial
direction may be formed with a hole along the axial di-
rection.
[0014] The male shaft may be at least partially a solid
shaft, and the male shaft may be formed with a hole along
the axial direction and over the entire length of the pro-
truding teeth in the axial direction.
[0015] The male shaft may include a small-diameter
portion in an axial range of the protruding teeth. The out-
side diameter of the small-diameter portion is smaller
than the outside diameter of the other portion of the male
shaft in the axial range of the protruding teeth.
[0016] The male shaft may be a hollow shaft, and the
inside diameter of the portion of the male shaft corre-
sponding to one end or each of both ends of the protrud-
ing teeth in the axial direction may be larger than the
inside diameter of the other portion of the male shaft.
[0017] The male shaft may be a hollow shaft, and the
inside diameter of the portion of the male shaft over the
entire length of the protruding teeth in the axial direction
may be larger than the inside diameter of the other portion
of the male shaft.
[0018] The male shaft may include a small-diameter
portion in an axial range of the protruding teeth. The out-
side diameter of the small-diameter portion is smaller
than the outside diameter of the other portion of the male
shaft in the axial range of the protruding teeth.
[0019] The female shaft may include a small-diameter
portion in an axial range of the tooth grooves. The outside
diameter of the small-diameter portion is smaller than the
outside diameter of the other portion of the female shaft
in the axial range of the tooth grooves.
[0020] The female shaft may include a small-diameter
portion over the entire length of the tooth grooves in the
axial direction. The outside diameter of the small-diam-
eter portion is smaller than the outside diameter of the
other portion of the female shaft.
[0021] The tooth grooves of the female shaft may be
fitted onto the protruding teeth of the male shaft by an
interference fit. On a tooth surface of the protruding teeth
of the male shaft, a covering portion may formed to re-

duce sliding resistance between the protruding teeth and
the tooth grooves of the female shaft.

Advantage of Invention

[0022] According to an aspect of the present invention,
the radial rigidity of a portion of at least one of the male
shaft and the female shaft in an axial range of a region
where the protruding teeth and the tooth grooves are
engaged with each other is lower than that of another
portion of the at least one of the male shaft and the female
shaft. Therefore, it is possible to avoid locally high surface
pressure in the axial direction so as to suppress backlash
between the male shaft and the female shaft.

Brief Description of Drawings

[0023]

FIG. 1 is a perspective view of a steering apparatus.
FIG. 2 is a side view of a telescopic shaft (an inter-
mediate shaft) of the steering apparatus of FIG. 1,
with a portion of the telescopic shaft notched.
FIG. 3A is an enlarged sectional view of the tele-
scopic shaft of FIG. 2, illustrating an example in
which a male shaft of the telescopic shaft is covered
with a sleeve.
FIG. 3B is an enlarged sectional view of the tele-
scopic shaft of FIG. 2, illustrating an example in
which the male shaft of the telescopic shaft is coated
with a covering portion.
FIG. 4 is a cross-sectional view of a male shaft of a
telescopic shaft according to a first embodiment of
the present invention.
FIG. 5 is a cross-sectional view of the male shaft of
FIG. 4 and a female shaft fitted onto the male shaft,
illustrating a surface pressure applied to a covered
portion of the male shaft.
FIG. 6 is a cross-sectional view of a conventional
male shaft and a female shaft fitted onto the male
shaft, illustrating a surface pressure applied to a cov-
ered portion of the male shaft.
FIG. 7A is a cross-sectional view of a male shaft of
a telescopic shaft according to a second embodi-
ment of the present invention.
FIG. 7B is a cross-sectional view of a male shaft of
a telescopic shaft according to a third embodiment
of the present invention.
FIG. 8A is a cross-sectional view of a male shaft of
a telescopic shaft according to a fourth embodiment
of the present invention.
FIG. 8B is a cross-sectional view of a male shaft of
a telescopic shaft according to a fifth embodiment of
the present invention.
FIG. 9 is a cross-sectional view of a male shaft of a
telescopic shaft according to a sixth embodiment of
the present invention.
FIG. 10 is a cross-sectional view of the male shaft
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of FIG. 9 and a female shaft fitted onto the male shaft,
illustrating a surface pressure applied to a covered
portion of the male shaft.
FIG. 11 is a cross-sectional view of a telescopic shaft
according to a seventh embodiment of the present
invention.
FIG. 12 is a cross-sectional view of a telescopic shaft
according to an eighth embodiment of the present
invention.
FIG. 13 is a cross-sectional view of a telescopic shaft
according to a ninth embodiment of the present in-
vention.
FIG. 14 is a cross-sectional view of a telescopic shaft
according to a tenth embodiment of the present in-
vention.
FIG. 15 is a cross-sectional view of a telescopic shaft
according to an eleventh embodiment of the present
invention.
FIG. 16 is a cross-sectional view of a telescopic shaft
according to a twelfth embodiment of the present
invention.
FIG. 17 is a cross-sectional view of a telescopic shaft
according to a thirteenth embodiment of the present
invention.

Embodiments of Invention

[0024] Hereinafter, embodiments of the present inven-
tion will be described in detail with reference to the draw-
ings.

First Embodiment

[0025] FIG. 1 shows a rack-and-pinion type power
steering apparatus of a column assist type as an example
of a steering apparatus. This power steering apparatus
includes a steering assistance portion 20 (an electric as-
sistance device) for reducing a steering force of a steering
wheel 11. The steering assistance portion 20 is attached
to a column 13. A steering assistance force from the
steering assistance portion 20 is applied to a steering
shaft, and makes a rack of a steering gear 30 to recipro-
cate, through an intermediate shaft 16, thereby steering
wheels through tie rods 32.
[0026] As shown in FIGS. 1 and 2, an output shaft 23
protruding from the front end surface of the steering as-
sistance portion 20 is connected to the rear end portion
of a female intermediate shaft 16B (hereinafter, a female
shaft) of the intermediate shaft 16 through a universal
joint 15. The front end portion of a male intermediate
shaft 16A (hereinafter, a male shaft) of the intermediate
shaft 16 is connected to an input shaft 31 of the steering
gear 30 through another universal joint 17. At the female
shaft 16B, female splines are formed, and at the male
shaft 16A, male splines are formed. The female shaft
16B and the male shaft 16A are spline-engaged.
[0027] The male shaft 16A is connected to be relatively
slidable in an axial direction and be able to transmit ro-

tational torque with respect to the female shaft 16B. At
the front end portion of the input shaft 31, a pinion is
formed. A rack is engaged with the pinion, such that ro-
tation of the steering wheel 11 moves the tie rods 32,
thereby steering vehicle wheels. The telescopic shaft ac-
cording to the embodiment of the present invention is
preferably applied to the intermediate shaft 16. However,
it is possible to apply the telescopic shaft according to
the embodiment of the present invention to any telescop-
ic shafts of steering apparatuses.
[0028] As shown in FIGS. 2 to 3B, the female shaft 16B
is formed in a hollow cylinder shape. At the inner circum-
ference of the female shaft 16B, multiple axial tooth
grooves 41 are formed radially from the shaft center of
the female shaft 16B, at regular intervals, over the entire
length of a telescopic range (a telescopic stroke). The
male shaft 16A and the female shaft 16B are formed, for
example, with carbon steel or an aluminum alloy.
[0029] FIG. 3A shows an example in which protruding
teeth 51 of the male shaft 16A are covered with a sleeve.
The sleeve is an example of a covering portion 61 which
reduces sliding resistance between the protruding teeth
51 of the male shaft 16A and the tooth grooves 41 of the
female shaft 16B.
[0030] The male shaft 16A has a non-circular outer cir-
cumference shape for transmitting rotational torque, and
includes four protruding teeth 51 in the axial direction,
and the protruding teeth 51 of the male shaft 16A are
covered with the sleeve over the entire length of the pro-
truding teeth 51 in the axial direction.
[0031] FIG. 3B shows an example in which the pro-
truding teeth 51 of the male shaft 16A (the male spline
shaft) are coated with a covering portion 61. The male
shaft 16A has a non-circular outer circumference shape
for transmitting rotational torque, and includes eighteen
protruding teeth 51 in the axial direction. The protruding
teeth 51 of the male shaft 16A are coated with the cov-
ering portion 61, over the entire length of the protruding
teeth 51 in the axial direction, such that sliding resistance
between the protruding teeth 51 and the tooth grooves
41 of the female shaft 16B (a female spline cylinder) in
the axial direction is reduced. It is preferable to compose
the covering portion 61 of rubber, for example, natural
rubber, synthetic rubber, or a mixture of natural rubber
and synthetic rubber. The present invention can be ap-
plied to a telescopic shaft including a male shaft and a
female shaft which are relatively slidable, are able to
transmit rotational torque, and have optional shapes.
[0032] FIG. 4 is a cross-sectional view of a male shaft
of a telescopic shaft according to a first embodiment of
the present invention. As shown in FIG. 4, the male shaft
16A of the first embodiment is a solid shaft. On protruding
teeth 51 of the male shaft 16A, a covering portion 61 for
reducing sliding resistance between the protruding teeth
51 and tooth grooves 41 of a female shaft 16B is formed
over the entire length of the protruding teeth 51 in the
axial direction. In one end portion of the male shaft 16A
corresponding to one end (left end in FIG. 4) of the pro-
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truding teeth 51 in the axial direction, a hole 71 is formed
along the axial direction, such that the thickness of the
one end portion of the male shaft 16A is smaller than the
thickness of the other portion of the male shaft 16A.
Therefore, the radial rigidity of the one end portion of the
male shaft 16A in the axial range of the hole 71 is lower
than the radial rigidity of the other portion of the male
shaft 16A. The radial rigidity can be expressed as a radial
force necessary to cause unit deformation in the radial
direction.
[0033] As shown in FIG. 5, the male shaft 16A of FIG.
4 is fitted into the female shaft 16B such that a tooth
surface of the tooth grooves 41 and the covering portion
61 have little interference, and it is possible to relatively
slide in the axial direction and transmit rotational torque.
The fitting of the tooth surface of the tooth grooves 41
and the covering portion 61 is not limited to an interfer-
ence fit, but may be a clearance fit or a sliding fit.
[0034] According to the telescopic shaft relative to the
first embodiment, as shown in FIG. 5, even when large
bending moments act on both end portions of an engage-
ment region of the protruding teeth 51 and the tooth
grooves 41 in the axial direction, an increase in a surface
pressure on one end portion of the protruding teeth 51
in the axial direction is suppressed in the axial range of
the hole 71, and deterioration of one end portion of the
covering portion 61 in the axial direction and backlash
between the male shaft 16A and the female shaft 16B
are suppressed.

Second Embodiment

[0035] Next, a second embodiment of the present in-
vention will be described with reference to FIG. 7A. Here-
inafter, structure portions different from those of the
above-described embodiment will be described, and the
same structure portions as those of the above-described
embodiment will not be described.
[0036] As shown in FIG. 7A, a male shaft 16A accord-
ing to the second embodiment is a partially solid shaft.
On protruding teeth 51 of the male shaft 16A, a covering
portion 61 for reducing sliding resistance between the
protruding teeth 51 and tooth grooves 41 of a female
shaft 16B is formed over the entire length of the protrud-
ing teeth 51 in the axial direction. In one end portion of
the male shaft 16A corresponding to one end (left end in
FIG. 7A) of the protruding teeth 51 in the axial direction,
a hole 71 is formed along the axial direction, whereby
the thickness of the one end portion of the male shaft
16A is reduced.
[0037] Also, in the male shaft 16A, from the other end
(right end in FIG. 7A) of the male shaft 16A to a portion
of the male shaft 16A corresponding to the other end
(right end of FIG. 7A) of the protruding teeth 51, a hole
72 is formed along the axial direction, whereby the thick-
ness of the corresponding portion of the male shaft 16A
is reduced. Therefore, the radial rigidity of portions of the
male shaft 16A in the axial range of the hole 71 and the

axial range of the hole 72 is lower than the radial rigidity
of the other portion of the male shaft 16A. The diameter
of the hole 72 may be the same as the diameter of the
hole 71.
[0038] According to the telescopic shaft relative to the
second embodiment, even when large bending moments
act on both end portions of an engagement region of the
protruding teeth 51 and the tooth grooves 41 in the axial
direction, an increase in surface pressures on both end
portions of the protruding teeth 51 in the axial direction
is suppressed in the axial range of the hole 71 and the
axial range of the hole 72, and deterioration of both end
portions of the covering portion 61 in the axial direction
and backlash between the male shaft 16A and the female
shaft 16B are suppressed.

Third Embodiment

[0039] Next, a third embodiment of the present inven-
tion will be described with reference to FIG. 7B. Herein-
after, structure portions different from those of the above-
described embodiments will be described, and the same
structure portions as those of the above-described em-
bodiments will not be described.
[0040] As shown in FIG. 7B, a male shaft 16A accord-
ing to the third embodiment is a hollow shaft having a
hole 73 formed over the entire length of the male shaft
16A in the axial direction. On protruding teeth 51 of the
male shaft 16A, a covering portion 61 for reducing sliding
resistance between the protruding teeth 51 and tooth
grooves 41 of a female shaft 16B is formed over the entire
length of the protruding teeth 51 in the axial direction. In
one end portion of the male shaft 16A corresponding to
one end (left end in FIG. 7A) of the protruding teeth 51
in the axial direction, the hole 73 is expanded such that
a hole 71 is formed, whereby the thickness of the one
end portion of the male shaft 16A is reduced. In other
words, the inside diameter of the one end portion of the
male shaft 16A is larger than the inside diameter of the
other portion of the male shaft 16A.
[0041] Therefore, the radial rigidity of the one end por-
tion of the male shaft 16A in the axial range of the hole
71 is lower than the radial rigidity of the other portion of
the male shaft 16A. According to the telescopic shaft rel-
ative to the third embodiment, even when large bending
moments act on both end portions of an engagement
region of the protruding teeth 51 and the tooth grooves
41 in the axial direction, an increase in a surface pressure
on one end portion of the protruding teeth 51 in the axial
direction is suppressed in the axial range of the hole 71,
and deterioration of one end portion of the covering por-
tion 61 in the axial direction and backlash between the
male shaft 16A and the female shaft 16B are suppressed.

Fourth Embodiment

[0042] Next, a fourth embodiment of the present inven-
tion will be described with reference to FIG. 8A. Herein-
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after, structure portions different from those of the above-
described embodiments will be described, and the same
structure portions as those of the above-described em-
bodiments will not be described.
[0043] As shown in FIG. 8A, a male shaft 16A accord-
ing to the fourth embodiment is a hollow shaft having a
hole 73 formed over the entire length of the male shaft
16A in the axial direction. On protruding teeth 51 of the
male shaft 16A, a covering portion 61 for reducing sliding
resistance between the protruding teeth 51 and tooth
grooves 41 of a female shaft 16B is formed over the entire
length of the protruding teeth 51 in the axial direction.
Similarly to the third embodiment, in one end portion of
the male shaft 16A corresponding to one end (left end in
FIG. 8A) of the protruding teeth 51 in the axial direction,
the hole 73 is expanded such that a hole 71 is formed,
whereby the thickness of the one end portion of the male
shaft 16A is reduced.
[0044] Also, in a portion of the male shaft 16A corre-
sponding to the other end (right end in FIG. 8A) of the
protruding teeth 51 in the axial direction, the hole 73 is
expanded such that a hole 74 is formed, whereby the
thickness of the corresponding portion of the male shaft
16A is reduced. In other words, the inside diameters of
the portions of the male shaft 16A corresponding to both
ends of the protruding teeth 51 in the axial direction are
larger than the inside diameter of the other portion of the
male shaft 16A. Therefore, the radial rigidity of the por-
tions of the male shaft 16A in the axial range of the hole
71 and the axial range of the hole 74 is lower than the
radial rigidity of the other portion of the male shaft 16A.
According to the telescopic shaft relative to the fourth
embodiment, even when large bending moments act on
both end portions of an engagement region of the pro-
truding teeth 51 and the tooth grooves 41 in the axial
direction, surface pressures on both end portions of the
protruding teeth 51 in the axial direction are suppressed
in the axial range of the hole 71 and the axial range of
the hole 74, and deterioration of both end portions of the
covering portion 61 in the axial direction and backlash
between the male shaft 16A and the female shaft 16B
are suppressed.

Fifth Embodiment

[0045] Next, a fifth embodiment of the present inven-
tion will be described with reference to FIG. 8B. Herein-
after, structure portions different from those of the above-
described embodiments will be described, and the same
structure portions as those of the above-described em-
bodiments will not be described.
[0046] As shown in FIG. 8B, a male shaft 16A accord-
ing to the fifth embodiment is a partially solid shaft. On
protruding teeth 51 of the male shaft 16A, a covering
portion 61 for reducing sliding resistance between the
protruding teeth 51 and tooth grooves 41 of a female
shaft 16B is formed over the entire length of the protrud-
ing teeth 51 in the axial direction. In the male shaft 16A,

a hole 75 is formed over the entire length of the protruding
teeth 51 in the axial direction, whereby the thickness of
the male shaft 16A is reduced over the entire axial range
of the protruding teeth 51.
[0047] Therefore, the radial rigidity of the portion of the
male shaft 16A in the entire axial range of the protruding
teeth 51 is lower than the radial rigidity of the other portion
of the male shaft 16A. According to the telescopic shaft
relative to the fifth embodiment, even when large bending
moments act on both end portions of an engagement
region of the protruding teeth 51 and the tooth grooves
41 in the axial direction, an increase in a surface pressure
on the entire protruding teeth 51 is suppressed, and de-
terioration of the covering portion 61 and backlash be-
tween the male shaft 16A and the female shaft 16B are
suppressed.

Sixth Embodiment

[0048] Next, a sixth embodiment of the present inven-
tion will be described with reference to FIGS. 9 and 10.
Hereinafter, structure portions different from those of the
above-described embodiments will be described, and the
same structure portions as those of the above-described
embodiments will not be described.
[0049] As shown in FIG. 9, a male shaft 16A according
to the sixth embodiment is a hollow shaft having a hole
73 formed over the entire length of the male shaft 16A in
the axial direction. On protruding teeth 51 of the male
shaft 16A, a covering portion 61 for reducing sliding re-
sistance between the protruding teeth 51 and tooth
grooves 41 of a female shaft 16B is formed over the entire
length of the protruding teeth 51 in the axial direction. In
the male shaft 16A, the hole 73 is expanded over the
entire length of the protruding teeth 51 in the axial direc-
tion such that a hole 76 is formed, whereby the thickness
of the male shaft 16A is reduced over the entire axial
range of the protruding teeth 51. In other words, the inside
diameter of the portion of the male shaft 16A in the entire
axial range of the protruding teeth 51 is larger than the
inside diameter of the other portion of the male shaft 16A.
[0050] Therefore, the radial rigidity of the portion of the
male shaft 16A in the axial range of the hole 76 is lower
than the radial rigidity of the other portion of the male
shaft 16A. According to the telescopic shaft relative to
the sixth embodiment, even when large bending mo-
ments act on both end portions of an engagement region
of the protruding teeth 51 and the tooth grooves 41 in the
axial direction, as shown in FIG. 10, an increase in a
surface pressure on the entire protruding teeth 51 is sup-
pressed, and deterioration of the covering portion 61 and
backlash between the male shaft 16A and the female
shaft 16B are suppressed.

Seventh Embodiment

[0051] Next, a seventh embodiment of the present in-
vention will be described with reference to FIG. 11. Here-

9 10 



EP 2 787 235 A1

7

5

10

15

20

25

30

35

40

45

50

55

inafter, structure portions different from those of the
above-described embodiments will be described, and the
same structure portions as those of the above-described
embodiments will not be described.
[0052] As shown in FIG. 11, a male shaft 16A according
to the seventh embodiment is a solid shaft having the
same configuration as that of the first embodiment. In
other words, in one end portion of the male shaft 16A
corresponding to one end (left end in FIG. 11) of protrud-
ing teeth 51 of the male shaft 16A in an axial direction,
a hole 71 is formed along the axial direction, whereby
the thickness of the one end portion of the male shaft
16A is reduced.
[0053] Also, at a female shaft 16B, the outside diam-
eter of one end portion of the female shaft 16B corre-
sponding to one end of tooth grooves 41 in the axial di-
rection is reduced such that a small-diameter portion 81
is formed, whereby the thickness of the one end portion
of the female shaft 16B is reduced. Therefore, the radial
rigidity of one end portion of the male shaft 16A in the
axial range of the hole 71 is lower than the radial rigidity
of the other portion of the male shaft 16A, and the radial
rigidity of one end portion of the female shaft 16B in the
axial range of the small-diameter portion 81 is lower than
the radial rigidity of the other portion of the female shaft
16B.
[0054] According to the telescopic shaft relative to the
seventh embodiment, even when large bending mo-
ments act on both end portions of an engagement region
of the protruding teeth 51 and the tooth grooves 41 in the
axial direction, an increase in surface pressures on both
end portions of the protruding teeth 51 in the axial direc-
tion is suppressed in the axial range of the hole 71 and
the axial range of the small-diameter portion 81, and de-
terioration of both end portions of the covering portion 61
in the axial direction and backlash between the male shaft
16A and the female shaft 16B are suppressed.

Eighth Embodiment

[0055] Next, an eighth embodiment of the present in-
vention will be described with reference to FIG. 12. Here-
inafter, structure portions different from those of the
above-described embodiments will be described, and the
same structure portions as those of the above-described
embodiments will not be described.
[0056] As shown in FIG. 12, a male shaft 16A according
to the eighth embodiment is a partially solid shaft and
has the same configuration as that of the fifth embodi-
ment. With respect to the protruding teeth 51 of the male
shaft 16A, a hole 75 is formed along the entire length of
the protruding teeth 51 in an axial direction, whereby the
thickness of the male shaft 16A is reduced over the entire
axial range of the protruding teeth 51.
[0057] Also, in a female shaft 16B, the outside diameter
of the female shaft 16B is reduced over the entire length
of tooth grooves 41 in the axial direction such that a small-
diameter portion 82 is formed, whereby the thickness of

the female shaft 16B is reduced over the entire axial
range of the tooth grooves 41. Therefore, the radial ri-
gidity of the portion of the male shaft 16A in the entire
axial range of the protruding teeth 51 (the axial range of
the hole 75) is lower than the radial rigidity of the other
portion of the male shaft 16A in the axial direction, and
the radial rigidity of a portion of the female shaft 16B in
the entire axial range of the tooth grooves 41 (the axial
range of the small-diameter portion 82) is lower than the
radial rigidity of the other portion of the entire axial length
of the female shaft 16B.
[0058] According to the telescopic shaft of the eighth
embodiment, even when large bending moments act on
both end portions of an engagement region of the pro-
truding teeth 51 and the tooth grooves 41 in the axial
direction, an increase in a surface pressure on the entire
protruding teeth 51 is suppressed, and deterioration of a
covering portion 61 and backlash between the male shaft
16A and the female shaft 16B are suppressed.

Ninth Embodiment

[0059] Next, a ninth embodiment of the present inven-
tion will be described with reference to FIG. 13. Herein-
after, structure portions different from those of the above-
described embodiments will be described, and the same
structure portions as those of the above-described em-
bodiments will not be described.
[0060] As shown in FIG. 13, a male shaft 16A according
to the ninth embodiment is a hollow shaft having a hollow
hole 73 formed along the entire length of the male shaft
16A in an axial direction. In the male shaft 16A, the hole
73 is expanded over the entire length of protruding teeth
51 in the axial direction such that a hole 76 is formed,
whereby the thickness of the male shaft 16A is reduced
in the entire axial range of the protruding teeth 51. Fur-
ther, in one end portion of the male shaft 16A correspond-
ing to one end (left end in FIG. 13) of the protruding teeth
51 in the axial direction, the hole 76 is expanded such
that a hole 77 is formed, whereby the thickness of the
one end portion of the male shaft 16A is further reduced.
In other words, the inside diameter of one end portion of
the male shaft 16A corresponding to one end of the pro-
truding teeth 51 in the axial direction is larger than the
outside diameter of the other portion of the male shaft
16A in the axial range of the protruding teeth 51, and the
inside diameter of the other portion of the male shaft 16A
in the axial range of the protruding teeth 51 is larger than
the inside diameter beyond the axial range of the pro-
truding teeth 51.
[0061] Also, in a female shaft 16B, the outside diameter
of a portion of the female shaft 16B corresponding to a
portion of tooth grooves 41 other than one end (right end
in FIG. 9) of the tooth grooves 41 in the axial direction is
reduced such that a small-diameter portion 83 is formed,
whereby the thickness of the corresponding portion of
the female shaft 16B is reduced. Therefore, the radial
rigidity of the portion of the male shaft 16A in the axial
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range of the hole 76, particularly, the radial rigidity of the
portion of the male shaft 16A in the axial range of the
hole 77 is lower than the radial rigidity of the other portion
of the male shaft 16A, and the radial rigidity of the portion
of the female shaft 16B in the axial range of the small-
diameter portion 83 is lower than the radial rigidity of the
other portion of the female shaft 16B in the axial direction.
[0062] According to the telescopic shaft of the ninth
embodiment, even when large bending moments act on
both end portions of an engagement region of the pro-
truding teeth 51 and the tooth grooves 41 in the axial
direction, an increase in a surface pressure on the entire
protruding teeth 51 is suppressed, and deterioration of a
covering portion 61 and backlash between the male shaft
16A and the female shaft 16B are suppressed.

Tenth Embodiment

[0063] Next, a tenth embodiment of the present inven-
tion will be described with reference to FIG. 14. Herein-
after, structure portions different from those of the above-
described embodiments will be described, and the same
structure portions as those of the above-described em-
bodiments will not be described.
[0064] As shown in FIG. 14, a male shaft 16A according
to the tenth embodiment is a hollow shaft having a hollow
hole 73 formed along the entire length of the male shaft
16A in an axial direction. In the male shaft 16A, the hole
73 is expanded over the entire length of protruding teeth
51 in the axial direction such that a hole 76 is formed,
whereby the thickness of the male shaft 16A is reduced
in the entire axial range of the protruding teeth 51. Fur-
ther, in one end portion of the male shaft 16A correspond-
ing to one end (left end in FIG. 14) of the protruding teeth
51 in the axial direction, the hole 76 is expanded such
that a hole 77 is formed, whereby the thickness of the
one end portion of the male shaft 16A is further reduced.
Also, even in a portion of the male shaft 16A correspond-
ing to the other end (right end in FIG. 14) of the protruding
teeth 51 in the axial direction, the hole 76 is expanded
such that a hole 78 is formed, whereby the thickness of
the corresponding portion of the male shaft 16A is further
reduced.
[0065] Also, in a female shaft 16B, the outside diameter
of a portion of the female shaft 16B corresponding to an
intermediate portion of tooth grooves 41 in the axial di-
rection is reduced such that a small-diameter portion 84
is formed, whereby the thickness of the corresponding
portion of the female shaft 16B is reduced. Therefore,
the radial rigidity of the portions of the male shaft 16A in
the axial range of the hole 76, the axial range of the hole
77, and the axial range of the hole 78 are lower than the
radial rigidity of the other portion of the male shaft 16A,
and the radial rigidity of the portion of the female shaft
16B in the axial range of the small-diameter portion 84
is lower than the radial rigidity of the other portion of the
female shaft 16B.
[0066] According to the telescopic shaft relative to the

tenth embodiment, even when large bending moments
act on both end portions of an engagement region of the
protruding teeth 51 and the tooth grooves 41 in the axial
direction, an increase in surface pressures on both end
portions and intermediate portion of the protruding teeth
51 in the axial direction is suppressed, and deterioration
of a covering portion 61 and backlash between the male
shaft 16A and the female shaft 16B are suppressed.

Eleventh Embodiment

[0067] Next, an eleventh embodiment of the present
invention will be described with reference to FIG. 15.
Hereinafter, structure portions different from those of the
above-described embodiments will be described, and the
same structure portions as those of the above-described
embodiments will not be described.
[0068] As shown in FIG. 15, a male shaft 16A according
to the eleventh embodiment is a partially solid shaft. In
the male shaft 16A, a hole 75 is formed over the entire
length of protruding teeth 51 in the axial direction such
that the thickness of the male shaft 16A is reduced over
the entire axial range of the protruding teeth 51. Further,
in the male shaft 16A, the outside diameter of one end
portion of the male shaft 16A corresponding to one end
(left end in FIG. 15) of the protruding teeth 51 in an axial
direction, and the outside diameter of a portion of the
male shaft 16A corresponding to the other end (right end
in FIG. 15) of the protruding teeth 51 in the axial direction
are reduced such that small-diameter portions 91 and 92
are formed, whereby the thicknesses of the portions of
the male shaft 16A corresponding to both end portions
of the protruding teeth 51 in the axial direction are re-
duced.
[0069] Also, in a female shaft 16B, the outside diameter
of the female shaft 16B is reduced over the entire length
of tooth grooves 41 in the axial direction such that a small-
diameter portion 82 is formed, whereby the thickness of
the female shaft 16B is reduced in the entire range of the
tooth grooves 41 in the axial direction. Therefore, the
radial rigidity of the portions of the male shaft 16A in the
axial range of the small-diameter portion 91 and the axial
range of the small-diameter portion 92 is lower than that
of the male shaft 16A, and the radial rigidity of the portion
of the female shaft 16B in the axial range of the small-
diameter portion 82 is lower than the radial rigidity of the
other portion of the female shaft 16B.
[0070] According to the telescopic shaft relative to the
eleventh embodiment, even when large bending mo-
ments act on both end portions of an engagement region
of the protruding teeth 51 and the tooth grooves 41 in the
axial direction, an increase in a surface pressure on the
entire protruding teeth 51 is suppressed, and deteriora-
tion of a covering portion 61 and backlash between the
male shaft 16A and the female shaft 16B are suppressed.
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Twelfth Embodiment

[0071] Next, a twelfth embodiment of the present in-
vention will be described with reference to FIG. 16. Here-
inafter, structure portions different from those of the
above-described embodiments will be described, and the
same structure portions as those of the above-described
embodiments will not be described.
[0072] As shown in FIG. 16, a male shaft 16A according
to the twelfth embodiment is a partially solid shaft. In the
male shaft 16A, a hole 75 is formed over the entire length
of protruding teeth 51 in an axial direction, whereby the
thickness of the male shaft 16A is reduced over the entire
axial range of the protruding teeth 51. Further, in the male
shaft 16A, the outside diameter of a portion of the male
shaft 16A corresponding to an intermediate portion of the
protruding teeth 51 in the axial direction is reduced such
that a small-diameter portion 93 is formed, whereby the
thickness of the corresponding portion of the male shaft
16A is reduced.
[0073] Also, in a female shaft 16B, the outside diameter
of the female shaft 16B is reduced over the entire length
of tooth grooves 41 in the axial direction such that a small-
diameter portion 82 is formed, whereby the thickness of
the female shaft 16B is reduced in the entire range of the
tooth grooves 41 in the axial direction. Therefore, the
radial rigidity of the portion of the male shaft 16A in the
axial range of the small-diameter portion 93 is lower than
the radial rigidity of the other portion of the male shaft
16A, and the radial rigidity of the portion of the female
shaft 16B in the axial range of the small-diameter portion
82 is lower than the radial rigidity of the other portion of
the female shaft 16B.
[0074] According to the telescopic shaft relative to the
twelfth embodiment, even when large bending moments
act on both end portions of an engagement region of the
protruding teeth 51 and the tooth grooves 41 in the axial
direction, an increase in a surface pressure on the entire
protruding teeth 51 is suppressed, and deterioration of
the covering portion 61 and backlash between the male
shaft 16A and the female shaft 16B are suppressed.

Thirteenth Embodiment

[0075] Next, a thirteenth embodiment of the present
invention will be described with reference to FIG. 17.
Hereinafter, structure portions different from those of the
above-described embodiments will be described, and the
same structure portions as those of the above-described
embodiments will not be described.
[0076] As shown in FIG. 17, a male shaft 16A according
to the eleventh embodiment is a partially solid shaft. In
the male shaft 16A, a hole 75 is formed over the entire
length of protruding teeth 51 in the axial direction, where-
by the thickness of the male shaft 16A is reduced over
the entire axial range of the protruding teeth 51. Further,
in the male shaft 16A, the outside diameter of one end
portion of the male shaft 16A corresponding to one end

(left end in FIG. 17) of the protruding teeth 51 in an axial
direction is reduced such that a small-diameter portion
91 is formed, whereby the thickness of the one end por-
tion of the male shaft 16A is reduced.
[0077] Also, in a female shaft 16B, the outside diameter
of the female shaft 16B is reduced over the entire length
of tooth grooves 41 in the axial direction such that a small-
diameter portion 82 is formed, whereby the thickness of
the female shaft 16B is reduced in the entire range of the
tooth grooves 41 in the axial direction. Therefore, the
radial rigidity of one end portion of the male shaft 16A in
the axial range of the small-diameter portion 91 is lower
than the radial rigidity of the other portion of the male
shaft 16A, and the radial rigidity of the portion of the fe-
male shaft 16B in the axial range of the small-diameter
portion 82 is lower than the radial rigidity of the other
portion of the female shaft 16B.
[0078] According to the telescopic shaft relative to the
thirteenth embodiment, even when large bending mo-
ments act on both end portions of an engagement region
of the protruding teeth 51 and the tooth grooves 41 in the
axial direction, an increase in a surface pressure on the
entire protruding teeth 51 is suppressed, and deteriora-
tion of a covering portion 61 and backlash between the
male shaft 16A and the female shaft 16B are suppressed.
The small-diameter portions 91 to 93 of the above-de-
scribed eleventh to third embodiments may be formed,
for example, in hollow male shafts 16A as shown in FIG.
9.
[0079] Although examples in which the present inven-
tion was applied to telescopic shafts having splines have
been described in the above-described embodiments,
the present invention may be applied to telescopic shafts
having serration. In the above-described embodiments,
the covering portion 61 for reducing sliding resistance is
formed on the protruding teeth 51 of the male shaft 16A.
However, a covering portion 61 may be formed on the
tooth grooves 41 of the female shaft 16B. Also, on the
protruding teeth 51 of the male shaft 16A and on the tooth
grooves 41 of the female shaft 16B, covering portions 61
may be formed. Also, the entire male shaft 16A or female
shaft 16B may be formed with the same material as that
of the covering portion 61. Alternatively, on any of the
male shaft 16A and the female shaft 16B, a covering
portion 61 may not be formed.
[0080] Also, although examples in which the present
invention was applied to the intermediate shaft 16 have
been described in the above-described embodiments,
the present invention can be applied to any telescopic
shafts, such as a steering shaft, forming steering appa-
ratuses. Also, although examples in which the present
invention was applied to the steering apparatus having
the electric assistance device 20 have been described
in the above-described embodiments, the present inven-
tion can be applied to steering apparatuses with no elec-
tric assistance devices.
[0081] This application is based on Japanese Patent
Application No. 2011-263121 filed on November 30,
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2011, the entire content of which is incorporated herein
by reference.

Industrial Applicability

[0082] The present invention is applicable to a tele-
scopic shaft including a male shaft and a female shaft
which are relatively slidable and can transmit rotational
torque.

Description of Reference Numerals and Signs

[0083]

16 Intermediate Shaft
16A Male Intermediate Shaft (Male Shaft)
16B Female Intermediate Shaft (Female Shaft)
41 Tooth Groove
51 Protruding Tooth
61 Covering Portion
71-78 Hole
81-84, 91-93 Small-Diameter Portion

Claims

1. A telescopic shaft comprising:

a male shaft having an outer circumference on
which a plurality of protruding teeth arc formed;
and
a female shaft having an inner circumference on
which a plurality of tooth grooves are formed,
the female shaft being fitted onto the male shaft,
wherein the protruding teeth and the tooth
grooves are engaged with each other such that
the male shaft and the female shaft are relatively
slidable in an axial direction and such that a ro-
tational torque is transmittable between the
male shaft and the female shaft, and
at least one of the male shaft and the female
shaft is configured such that a radial rigidity of
a portion of the at least one of the male shaft
and the female shaft in an axial range of a region
where the protruding teeth and the tooth grooves
are engaged with each other is lower than a ra-
dial rigidity of another portion of the at least one
of the male shaft and the female shaft.

2. The telescopic shaft according to claim 1, wherein
the male shaft is at least partially a solid shaft, and
wherein the portion of the male shaft corresponding
to one end or both ends of the protruding teeth in the
axial direction is formed with a hole along the axial
direction.

3. The telescopic shaft according to claim 1, wherein
the male shaft is at least partially a solid shaft, and

wherein the male shaft is formed with a hole along
the axial direction and over an entire length of the
protruding teeth in the axial direction.

4. The telescopic shaft according to claim 3, wherein
the male shaft includes a small-diameter portion in
an axial range of the protruding teeth, and an outside
diameter of the small-diameter portion is smaller
than an outside diameter of the other portion of the
male shaft in the axial range of the protruding teeth.

5. The telescopic shaft according to claim 1, wherein
the male shaft is a hollow shaft, and
wherein an inside diameter of the portion of the male
shaft corresponding to one end or each of both ends
of the protruding teeth in the axial direction is larger
than an inside diameter of the other portion of the
male shaft.

6. The telescopic shaft according to claim 1, wherein
the male shaft is a hollow shaft, and
wherein an inside diameter of the portion of the male
shaft over the entire length of the protruding teeth in
the axial direction is larger than an inside diameter
of the other portion of the male shaft.

7. The telescopic shaft according to claim 6, wherein
the male shaft includes a small-diameter portion in
an axial range of the protruding teeth, and an outside
diameter of the small-diameter portion is smaller
than an outside diameter of the other portion of the
male shaft in the axial range of the protruding teeth.

8. The telescopic shaft according to claim 1, wherein
the female shaft includes a small-diameter portion
in an axial range of the tooth grooves, and an outside
diameter of the small-diameter portion is smaller
than an outside diameter of the other portion of the
female shaft in the axial range of the tooth grooves.

9. The telescopic shaft according to claim 1, wherein
the female shaft includes a small-diameter portion
over an entire length of the tooth grooves in the axial
direction, and an outside diameter of the small-di-
ameter portion is smaller than an outside diameter
of the other portion of the female shaft.

10. The telescopic shaft according to claim 1, wherein
the tooth grooves of the female shaft are fitted onto
the protruding teeth of the male shaft by an interfer-
ence fit.

11. The telescopic shaft according to claim 1, wherein,
on a tooth surface of the protruding teeth of the male
shaft, a covering portion is formed to reduce sliding
resistance between the protruding teeth and the
tooth grooves of the female shaft.
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